An experiment using 384 one-day-old male Arbor Acres broilers that were randomly allocated to 4 treatments with 8 replicates in a completely randomized design was conducted to assess the effects of star anise (Illicium verum Hook.f.), essential oil, and leavings on growth performance and antioxidant status of broiler chickens. The treatments were corn-soybean meal based diets supplemented with 5 g/kg star anise, 0.2 g/kg essential oil, and 5 g/kg leavings of the diets for 42 days. All broilers had similar feed conversions over the entire experimental period. However, broilers supplemented with star anise and its essential oil had higher (P < 0.05) ADG and ADFI than those of the control and leavings. Supplementation of star anise and its essential oil increased (P < 0.05) activities of super dismutase, glutathione peroxidase, and catalase but decreased (P < 0.05) content of malondialdehyde in the serum of broilers at 21 d and 42 d of age. And it also increased (P < 0.05) activities of super dismutase and catalase but decreased (P < 0.05) concentrations of malondialdehyde in the liver of broilers at the same periods. Dietary supplementation of star anise and its essential oil improved growth performance and serum and liver antioxidant status. The efficacy is best at 5 g/kg star anise or 0.2 g/kg essential oil in the diet. 
and dietary supplementation of synthetic antioxidants is a common practice in the poultry industry [5] . However, the use of these synthetic antioxidants is banned because of their toxicity. Instead, there is an increasing interest in using phytogenic feed additives, such as natural antioxidants to enhance the antioxidant status of animals [5] [6] [7] [8] .
Star anise (Illiciaceae, Illicium verum Hook.f.) has long been used in traditional Chinese medicine and the food industry with the effects of dispelling cold, regulating the flow of Qi, and relieving pain [9] . As a medicinal plant, star anise has been shown to possess digestion stimulating, antiparasitic, antibacterial, antioxidant, antifungal, and antipyretic properties [10] [11] [12] . Star anise contains essential oil with trans-anethole, a paramethoxyphenyl propene as its main active ingredient (85 to 90%). Other compounds in the essential oil of star anise are eugenol, estragole, and anisaldehyde. Star anise and its essential oil are generally recognized as safe (GRAS) and used widely in food, brewery, and health supplement industries [8, 13, 14] . Although star anise and its essential oil have been used as spice and herbal medicine for many years, there has been little research on the use of them as feed additives for broilers for their antioxidant activities. Information is lacking on isolating the active ingredients in star anise and then using them as a growth promoter in broilers. The objective of this study was to isolate the active ingredients in star anise and then assess the effects of supplementation of star anise, its essential oil, and leavings on growth performance and antioxidant status of broiler chickens.
MATERIALS AND METHODS

Preparation of Star Anise, Essential Oil, and Leavings
Star anise was purchased from a local market [15] and dried at 65
• C in a mechanical drier [16] . The dried star anise was subsequently milled with a disc mill [17] to pass a screen size of 250 μm and stored in the dark in airtight plastic bags at ambient temperature (21 to 27
• C). Essential oil crude extract of star anise was obtained using a traditional water steam distillation apparatus in our laboratory. The apparatus consisted of a 2,000 mL round-bottomed flask for steam distillation, a 1,000 mL roundbottomed flask as a reaction unit, a condenser, and a cylindrical tube to collect the oil sample. A sample of 150 g star anise powders (as prepared above) and 1,500 mL of water were placed in the 2,000 mL flask with boiling chips. The distillation was run for 3 h until no more oil was collected. The distillate was collected and transferred to a separating funnel to separate the essential oil. It was kept in a closed amber laboratory glass bottle and stored at 4
• C until use. The distilled essential oil is buff and transparent with a strong spicy smell. The yield was 6.09% on DM basis of extracted star anise powder.
The remaining part of the star anise powder after steam distillation was dried at 65
• C to a constant weight and used as leavings.
Gas Chromatography
The chemical composition of the essential oil crude extract was subjected to gaschromatographic analysis, which was performed on a gas chromatography (GC) [18] equipped with a flame ionized detector (FID) and a capillary column [19] . The injector and detector block temperatures were maintained at 260
• C and 210
• C, respectively. The oven temperature was programmed from 80
• C to 245
• C at a rate of 5
• C /minute. The hold time was 35 min, with nitrogen being the carrier gas at a flow rate of 28 mL/min, and injection volume of the sample used was 1 μL with split ratio of 1:20. Anethole, estragole, and anisaldehyde were used as external standards, and the retention times and concentrations of each compound in the crude extract were determined relative to the standards.
Experimental Design, Birds, and Management
A total of 384 one-day-old male Arbor Acres broiler chicks with similar body weight (38.38 ± 2.51 g) was obtained from a commercial hatchery [20] . Broilers were randomly allocated into 96 wire cages that were then randomly divided into 4 groups to receive 4 dietary treatments (24 cages/treatment, 4 birds/cage). Each cage had 3,750 cm 2 (50 × 75 cm) floor space and was equipped with 2 nipple drinkers and one feeder. One of the groups was fed the basal diet only Table 2 . All diets were prepared in 2 batches as a starter and a grower diet. Star anise, essential oil, and leavings were first mixed with the premix and then mixed with other ingredients and stored in covered containers before feeding.
Birds were housed in an environmentally controlled room. The temperature was maintained at 32
• C during the first wk, which was then gradually reduced to 26
• C at the rate of 3 • C per wk and was maintained at this temperature to the end of the experiment. Overhead light was provided continuously for the entire period of the experiment. All birds were fed ad libitum and had free access to water throughout the whole experiment. The animal care and use protocol was approved by the Shandong Agricultural University Animal Nutrition Research Institute [22] .
Growth Performance
Birds were fed twice daily for ad libitum intake, and feed residue in each cage was weighed daily. Birds in each cage were weighed on d 21 and d 42 before feeding to obtain body weight gain. These data were used to calculate average daily gain (ADG), average daily feed intake (ADFI), and feed conversion rate (FCR). Mortalities and health status were visually observed and recorded daily throughout the entire experimental period.
Sample Collection
On the mornings of 21 and 42 d of the age, 8 birds (one bird per replication) were randomly picked out from each treatment after 12 h without feed, and blood samples (5.0 mL) were taken from the wing veins into non-heparinized tubes. The samples were incubated at 37
• C for 2 h, subsequently centrifuged at 1,500 × g for 10 min, and the supernatant was stored in 1.5-mL Eppendorf tubes at -20
• C for further assay. After blood sampling, the birds were killed by cervical dislocation and liver samples were taken, frozen in liquid nitrogen immediately after sampling, and then stored at -20
• C for subsequent chemical and antioxidant assay.
Assay of Antioxidant Enzymes in Serum and Liver
The serum samples obtained above were analyzed for superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase (CAT) activities and malondialdehyde (MDA) concentration with respective kits obtained from Nanjing Jiancheng Bioengineering Institute [23] . The liver samples were first homogenized in ice-cold isotonic physiological saline at the concentration of 0.1 g/mL. The homogenates were then centrifuged and the resultant supernatants were then measured for SOD, GSH-Px, and CAT activities and MDA concentration using respective kits mentioned above. All of the assays followed the instructions of the kits and used the same procedures as described by Zhang et al. [4] . The activities of antioxidant enzymes and the concentration of MDA were expressed as units per milligram of protein for liver samples and units per milliliter for serum.
Data Calculations and Statistical Analyses
The ADG, ADFI, and FCR were calculated separately for starter (one to 21 d), grower (22 to 42 d), and the entire feeding period (one to 42 d). All calculations were done on a replicate basis, as replicate was the designed statistical unit in this study. All data were subjected to ANOVA using the GLM procedure of SAS [24] . The data were analyzed as a completely randomized design with individual replications as a random factor to examine the overall effect of treatments. The significance of differences among treatments was tested by Duncan's multiple range tests, with P < 0.05 being declared statistically significant.
RESULTS AND DISCUSSION
Growth Performances
All broilers appeared healthy and no mortality occurred throughout the entire experimental period (data not shown). Birds supplemented with star anise and its essential oil had greater BW at d 21 (P < 0.001) and d 42 (P < 0.05) than control birds and those supplemented with leavings (Table 3) . Similarly, star anise and star anise essential oil supplemented groups also had greater ADG in starter (P < 0.01), and grower (P < 0.01) periods and during the entire experimental period (P = 0.010), than the control and leavings supplemented groups. In contrast, supplementation of leavings had no effect (P > 0.05) on birds' growth rate in either the starter or grower period. All supplementations increased feed intake of birds during the starter period (P < 0.05), but only birds fed diets supplemented with star anise and its essential oil had greater (P < 0.01) feed intake during the grower and entire experimental periods than those fed the control diet. In contrast, supplementation of star anise and its essential oil had no effect on FCR in either feeding period, but birds fed the diet supplemented with leavings had lower (P < 0.05) FCR in the starter and during the entire experiment periods as compared to those of the control. The BW, ADFI, ADG, and FCR obtained in this study were within the range reported for this breed under similar feeding conditions [12, 25] . Although FCR was not affected, broilers supplied with star anise and essential oil increased ADFI and ADG compared with those in the control and leavings groups in either phase or the entire period of the experiment. The result indicated that broilers fed star anise and essential oil grew faster during all the phases than those in the control and leavings groups. The increased ADFI may be due to a stimulatory effect of appetite due to the smell of star anise [9, 10] . However, the mechanisms by which the star anise and its essential oil increased ADG and ADFI but not feed conversion were not clear. Supplementation of star anise seed at 4% increased feed intake and egg weight and improved FCR in laying quails [14] . Addition of 1% anise significantly increased feed intake of broilers [12] . Addition of 400 mg anise oil/kg diet improved ADG by approximately 6.5% and FCR by approximately 6% in broilers, but more than 4 g anise oil/kg diet reduced their feed intake [11, 26] . This is likely attributed to different concentrations of the active substances and the methods used to isolate the effective compounds. The efficacy of star anise and its extracts also could be affected by other factors such as the diet type, animal age, hygiene, environmental factors, and so on [27] . However, the improved growth performance of broilers in this study associated with star anise and its essential oil is likely due to effects of the bioactive compounds, such as anethole, estragole, and anisaldehyde, in them [8, 13, 14] . The essential oil is effective, and the leavings have no use in animal production, which means the isolation of bioactive compounds is effective. It appeared that the effect of star anise on the performance of broilers in this study was similar to that of hens, laying quails, and broilers [11, 12, 14] . The similar feed conversion ratio among all the groups in this study may be due to a combined effect of ADG and ADFI.
Star anise and its essential oil have shown numerous pharmacological effects, including a stimulating effect on digestion and antiparasitic, antibacterial, antioxidant, antifungal, and antipyretic properties [10] [11] [12] . It has served as traditional medicine for a long time, and it has several effective compounds. This means that it can be used as a growth promoter. All of these have good effects on animal productivity, which may have partially contributed to the increased growth performance of broilers in this study.
Serum Antioxidant Status
As compared with those of control and leavings treatments, supplementation of both star anise and essential oil significantly increased (P < 0.001) the activity of GSH-Px on d 21 and d 42 of the experiment (Table 4) . Among all the groups, the serum of the essential oil supplemented groups appeared to contain the highest (P < 0.05) antioxidant enzymatic activity but the lowest (P < 0.05) MDA concentration on d 21 and d 42 of the experiment. Broilers supplemented with essential oil on d 21 and d 42 had higher activity of SOD (P = 0.008 and P < 0.001, respectively) and CAT (P = 0.002 and P = 0.009, respectively) but lower (P = 0.042 and 0.006, respectively) MDA content in the serum compared with those in the control and leavings groups. However, supplementation of star anise increased (P < 0.001) the activity of SOD on d 42 compared only with the control and leavings groups. The activity of SOD and MDA content on d 21 were similar between the groups supplemented with star anise and its essential oil. Birds supplemented with leavings decreased (P = 0.006) the MDA content on d 42 more so than those in the control group. The activity of SOD, GSH-Px, and CAT at 21 and 42 d of age was similar between the control and the leavings groups.
Supplementation of essential oil increased the activities of SOD, GSH-Px, and CAT but decreased the MDA content in the serum of broilers compared with those in the control and leavings groups. However, supplementation of star anise increased the activities of only SOD and GSH-Px in the serum of the treated groups compared to those in the control and leavings groups. It is well recognized that SOD, GSH-Px, CAT and MDA are 4 main antioxidant enzymes that reflect the antioxidant status of broilers. The lower MDA content indicated the lower reaction of lipid peroxidation. In addition, because CAT decomposes the hydrogen and oxygen free radicals, the higher activity of CAT in broilers supplemented with star anise and essential oil indicated that these treatments enhanced the antioxidant defense capacity in the broilers [28, 29] . Therefore, all the results demonstrated that star anise and its essential oil improved the antioxidant status in the serum of broilers and that efficacy of essential oil in this aspect was greater than that of star anise. The results also indicated that components in the essential oil were more effective in enhancing the antioxidant status of broilers than those in star anise. This is likely because the isolated form is more digestible than that present in star anise and better able to exert its biological effects. The increased activities of SOD and GSH-Px in broilers by star anise and essential oil supplementation in this study indicated that star anise and essential oil improved the capacity of broilers in clearing out the oxygen free radicals.
Star anise powder and its extract had strong antioxygenic activity in refined sunflower oil [5] . The extracts from star anise slightly decreased the formation of peroxides in peanut oil, and the extracts worked efficiently even at low concentrations in clearing 1,1-diphenyl-2-picrylhydrazyl (IC50 of 72 to 90 μg/mL) and superoxide radicals (77 to 87% scavenging) in vitro [30, 31] . Although star anise and its essential oil have been used as a spice and herbal medicine, there has been little research on the use of it as a feed additive for broilers' antioxidant activities. The enhanced antioxidant status of broilers by supplementation of star anise and its essential oil is likely attributed to their antioxidant compounds such as anthole, anisaldehyde, and estragole [8, 13, 14] , which have been shown to improve antioxidant capacity in other studies.
Liver Antioxidant Status
As compared with those in the control treatment, supplementation of star anise and its essential oil significantly increased the activity of SOD (P < 0.001 and P = 0.007, respectively) and CAT (P < 0.001 and P = 0.035, respectively), but reduced (P < 0.01 and P < 0.001, respectively) MDA content in the liver of broilers more so than those in the control and leavings groups at d 21 and d 42 of the experiment (Table 5) . Star anise showed the greatest effect on increasing the activity of SOD on d 21 and reducing the MDA content on d 42 among all the other treatments. Groups supplemented with star anise and its essential oil increased (P < 0.001) the activity of GSH-Px on d 21 more so than those in the control group. However, the effects of star anise and leavings on liver antioxidant enzymatic activities were similar. Only the group supplemented with essential oil increased (P = 0.041) the activity of GSH-Px in the liver compared to those in the control and leavings groups on d 42 of the experiment.
The findings that supplementation of essential oil increased the activities of SOD, GSH-Px, and CAT but decreased the MDA content in the liver of broilers in this study are consistent with those in the serum. Information regarding the effect of star anise and its essential oil on antioxidant status in the liver is lacking. The enhanced antioxidant status in the liver by star anise and its essential oil supplementation is probably attributed to the antioxidant compounds in star anise and its essential oil and antioxidant status found in vitro, as mentioned above [5, 30, 31 ]. An interesting finding of this study was that the isolation of the effective compounds affected efficacy of star anise in enhancing antioxidant status in the serum and liver of broilers. It appeared that the extract of essential oil increased the ability of star anise to enhance antioxidant status in the serum and liver of broilers, whereas the leavings had an inferior effect compared with that of essential oil. The isolation of essential oil is responsible for the effect of star anise, but the leavings have no use, which means the isolation of effective compounds is necessary. This is consistent with star anise and its essential oil effects on ADG and ADFI obtained in this study, suggesting that the increased growth performance was partially attributable to the enhanced antioxidant status by supplementation of star anise and its essential oil.
CONCLUSIONS AND APPLICATIONS
1. Supplementation of star anise and its essential oil at the levels of 5 g/kg and 0.2 g/kg of diet, respectively, increased growth performance and improved serum and liver antioxidant status of broilers during all the periods of the experiment. 2. Anethole, estragole, and anisaldehyde are effective compounds in star anise that exert the major biological effects observed for star anise. The result of this study shows that the isolation of essential oil from star anise is effective in the diet of broilers to enhance growth performance and serum and liver antioxidant stability.
